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Abstract 
The water samples were collected from different regions in a shallow eutrophic lake, Taihu Lake, China. The 
distribution and the possible pollution sources of n-alkanes and polycyclic aromatic hydrocarbons (PAHs) in Taihu 
water were analyzed. The results showed that the concentrations ranged between 0.045 and 0.281 mg/L for n-alkanes 
which were dominated by C8-C33 with no odd–even carbon number predominance, 0.011-0.034 mg/L for total PAHs 
which were predominated by two- and three-ring PAHs. The concentrations of n-alkanes and PAHs were higher in 
those samples collected near industrial locations than those from few or no industrial areas. Relatively high 
concentrations in water were measured from sampling sites S10 (Dapu in Yixing) and S16 (Zhu Shan Bay). The 
contamination of n-alkanes in Taihu water mainly derived from petroleum pollution caused by human activities, 
while the PAHs contamination was the result of both petroleum pollution source and combustion source according to 
the sources apportionment of n-alkanes and PAHs pollution. 
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1.Introduction 
Taihu Lake is one of the five largest freshwater lakes in China, and it is a typical plain eutrophic shallow 
lake. As the major fresh water resource in the economically developed region of Yangtze River Delta, the 
water quality and environmental condition of Taihu Lake have the direct bearing on the natural 
environment and sustainable development of economy in this region [1]. 
Most of alkanes proved to be narcotic and irritant, and the majority of PAHs had strong toxicity, 
carcinogenicity, teratogenicity and mutagenicity [2]. The alkanes and PAHs pollutants in the water 
environment will cause serious pollution to the water ecosystems and directly do harm to the health of the 
living creatures and human bodies [3]. 
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At present, the research on n-alkanes and PAHs in Taihu water was rarely reported, and most of the 
reports were mainly concentrated on the analysis of PAHs in surface sediments of Taihu Lake [4~6], but 
the studies on n-alkanes and PAHs in the water of Taihu Lake were less reported. Taking Taihu Lake 
which was one of the three statecontrolled key lakes in China as the research object, this paper 
systematically studied the composition, distribution characteristics and sources of n-alkanes and PAHs in 
Taihu Lake by means of GC/MS in order to provide the basis for standard management and pollution control 
of the lake environment. 
2.Materials and methods 
2.1.Sampling 
According to the methods offered by HJ/T 91-2002 [7] to collect and preserve water samples. Five 
representative sampling points in the whole region of Taihu Lake were selected, and collecting the 
surface water samples. The sampling sites were S16 (Zhushan Bay: N 31°26.566', E 120°02.673'), S10 
(Dapu in Yixing: N 31°18.414', E 119°56.769'; West lake), S11 (Xiaomeikou in Huzhou: N 30°58.226', E 
120°06.870'; South lake), S24(Qidu in Suzhou Wujiang: N 30°58.730', E120°24.300'; East lake) and S8 
(Central lake: 31°13.026 ', E120°11.579'), respectively. 
2.2.Analytical methods 
The recovery indicators of 5Į-androstane and deuterated acenaphthene were added respectively into the 
water sample before extracting and concentrating [8]. A volume-known water sample was poured into a 
1000 mL separatory funnel, the dichloromethane of 20 mL were added into the sampling bottle, shaking it 
for 30 seconds to wash the inner surface and then transferring this solvent into the separatory funnel, 
standing and layering after a full vibration about 3 minutes. And then dichloromethane of 20 mL were 
used to extract the sample twice. The right amount of Na2SO4 was added to the extract liquid for 
removing trace amounts of water. Finally, the extract liquid in magnesium silicate column was 
concentrated to 1 mL with a rotary evaporator and nitrogen purge. Then internal standards n-C24D50 and 
deuterated dibenzothiophene of n-alkanes and PAHs were added respectively into the concentrated liquid; 
finally the concentrated liquid was separated by Agilent 7890A/5975C GC/MS and analyzed quantitively 
by internal standard method. 
The column was HP-5MS flexible quartz capillary (60m×0.25mm×0.25mm). The column was held at 
50 0C for 1 min, heated to 300 0C at a rate of 10 0C /min, held for 20min. The helium was used as the 
carrier gas, and the flow rate was maintained at 1 mL/min. The splitting ratio was 50/1 and the 
temperature of injection port was 290 0C. The holding time of solvent was 4.00 min. The mass range 
scanned was from 35 to 500 amu under full scan acquisition mode. 
2.3.Quality Control 
Experimental process should go through strict quality control standard, and the recovery rate of the 
indicators was used to monitor and evaluate the experimental quality. The recovery of the n-alkanes 
indicator ranged from 67.50% to 137.52% in the GC/MS analytical experiments, and the recovery of 
PAHs indicators was in the range of 63.44%- 121.35%, which was in the requirement of US EPA 
method. 
3.Results and discussion 
3.1.The distribution of n-alkanes and PAHs in Taihu water 
Figure 1 shows the concentrations of n-alkanes and PAHs in water samples from Taihu Lake at different 
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sampling points. It can be seen that the concentrations of total n-alkanes ranged from 0.045 to 0.281 mg/L, 
and the concentrations of the total PAH levels were in the range of 0.011-0.034 mg/L. 
 
Figure 1. The distribution of n-alkanes and PAHs in Taihu water 
The distribution of total n-alkanes in Taihu water was in the order of Dapu in Yixing, Xiaomeikou in 
Huzhou, Zhushan Bay, Qidu in Suzhou Wujiang and Central Lake, while the concentrations of total 
PAHs were “Zhushan Bay” largest, “Xiaomeikou in Huzhou” second, “Dapu in Yixing”third, “Central 
Lake” fourth and “Qidu in Suzhou Wujiang” least. This distribution was directly related to the sampling 
locations. Zhushan Bay was one of the most seriously eutrophicated areas in Taihu Lake, and it also was 
the lake inlet of Taige Canal, Yin Village Bay and Caoqiao River, The regions near Dapukou in Yixing 
and Xiaomeikou belongs to more economically developed areas, the rivers of which to carries pollutants 
with high concentrations discharged from industrial areas and living areas flows into Taihu Lake, which 
causes the concentrations of n-alkanes and PAHs at S10 and S11 to be higher than the other no industrial 
sites such as “Central Lake” and “Qidu in Suzhou Wujiang”. 
3.2.Compositional feature of n-alkanes 
N-alkanes are the main component of petroleum hydrocarbons, and it is usually regarded as a classic 
organic geochemistry index to distinguish biologic, geological origin and artificial pollution. Figure 2 
shows the composition distribution characteristics of n-alkanes in Taihu Lake water. The carbon number 
of n-alkanes in Taihu Lake water is mainly distributed from C8 to C33. The concentrations of individual 
n-alkane in water ranged between 0.360 and 34.560 ȝg/L for Dapu in Yixing, 0.900-21.600 ȝg/L for 
Xiaomeikou in Huzhou, 0.297-10.197 ȝg/L for sampling Zhushan Bay, 0.150-6.000 ȝg/L for sampling 
Qidu in Suzhou Wujiang and 0.525-6.000 ȝg/L for Central Lake, respectively. 
Relevant research showed that the n-alkanes derived from the oil, automobile exhaust and fossil fuel 
combustion are mainly low carbon aliphatic hydrocarbons, the dominant carbon number is C20 or C21 
and the carbon number distribution displayed single peak distribution without odd even predominance 
(OEP) [9]. The n-alkanes derived from terrestrial higher plants have long carbon chains (C27-C33), the 
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carbon number distribution usually was single-peak state with significant advantage of odd carbon and it 
mainly took C27, C29 or C31 as main peak. The n-alkanes derived from the low-level organisms such as 
algae, plankton and bacterial have a relatively short carbon chain and the main peak usually was C15, 
C17 or C19. The carbon number distributed a single-peak pattern without obvious odd-even 
predominance and high carbon number (>C25), and the bimodal distribution is attributed to be mixed 
sources.  
 
Figure 2. The composition of n-alkenes in the different water samples from Taihu Lake 
TABLE I. EVALUATION INDICES OF N-ALKENES FOR WATER FROM LAKE TAIHU 
 
We can infer the sources of n-alkanes in water from the different characteristics. As illustrated in 
Figure 2, the distributions of n-alkanes showed a single-peak pattern without OEP, which is the 
characteristic type of crude oil pollution [10]. To further explore the source of n-alkanes in water, the 
molecular characteristic indicators of n-alkanes in Taihu Lake water were showed in Table 1. 
The main peak carbon number (Cmax) can be used to determine the source of n-alkanes [11]. Cmax is 
generally taken as a sign of the source and maturity of organic substances: Cmax is lower than C20 in 
organic substances with high maturity while higher than C25 in organic substances with low maturity. 
The fossil fuels (coal, oil, etc.) used by mankind generally have high maturity and n-alkanes have a 
relatively low Cmax, while n-alkanes in higher plant are characterized by high Cmax. The main peak 
carbon number of alkanes in Taihu Lake water is relatively low, so the sources of alkanes are from 
high-mature oil and its product pollution. 
Carbon predominance index (CPI) was used to indicate the relative relationship of biogenic origin and 
anthropogenic origin. Generally speaking, the CPI value of human origin is close to 1, while most of the 
CPI values with plant origin are more than 3 [12]. The CPI values of n-alkanes in Taihu Lake water 
ranged from 0.68 to 1.11, indicating that the anthropogenic activities is the major causes of petroleum 
hydrocarbon pollution in Taihu Lake. 
Pristane (Pr) and phytane (Ph) are also the important indicators of petroleum hydrocarbon 
contamination. The Pr/Ph ratio between 40 and 70 is the characteristic indication of biogenic hydrocarbon 
contamination; when the Pr / Ph is in the range of 1 to 3, to a certain degree, it reflects the manmade 
pollution of oil and its products [13]. When the values of Pr/C17 and Ph/C18 are relatively small, it is 
mainly from anthropogenic sources. The ratios of Pr/Ph in this study range from 0.54 to 1.29, the ratios of 
Pr/C17 and Ph/C18 range from 0.47 to 0.73 and 0.35-1.27 respectively, and the ratios are all relatively 
small (Table 1), which further indicates the characteristics of petroleum hydrocarbon contamination. 
Base on the above analysis, the contamination of nalkanes in Taihu Lake is mainly the result of human 
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pollution, and the pollution is very serious and lasts a long time. We should carry out purposive 
management and control on Taihu Lake water pollution according to different degrees of pollution in 
different regions. 
3.3.Compositional feature of PAHs 
PAHs are the organic compounds widely distributed in river and lake environment, which mainly come 
from oil source and the incomplete combustion of fossil fuels. The distribution characteristics of PAHs 
are shown in Table 2.  
As can be seen from Table 2, the maximum content of PAHs was at S16 among different areas of 
Taihu Lake water.  
For individual PAH, two- and three-ring PAHs are most abundant. The detected concentrations in 
water ranged between 2.715 and 11.961 ȝg/L for naphthalene, 0.949-3.745 ȝg/L for 3-ring PAHs 
(acenaphthene, methyl biphenyl, fluorene, and phenanthrene), 0.265-2.472 ȝg/L for 4-ring PAHs 
(fluoranthene, pyrene, benz[a]anthracene, chrysene) and 0.033-0.110ȝg/L for 5-ring PAHs 
(benzo[b]fluoranthene, dibenzo[a,h]anthracene and benzo[a]pyrene). No six-ring PAHs were detected in 
water samples. The limited value of benzo[a]pyrene is 2.80 ng/L stipulated in China’s Surface Water 
Environmental Standard. In the various sampling sites of Taihu Lake, only at site S10 are detected to 
have benzo[a]pyrene whose content exceeds the limited value. 
PAHs with different sources have different types and different distribution characteristics. The 
man-made sources mainly include oil pollution and combustion source, and in the environment they are 
difficult to completely distinguish from each other. At present, it is mainly discriminate the two sources 
of PAHs by utilizing characteristic compound index, including the ratios of Phe/Ant, Chr/BaA, Flu/Pyr, 
Flu/ (Flu + Pyr), IP/(IP + BghiP), LPAH/HPAH(low-molecular weight PAHs/high-molecular-weight 
PAHs) were used to identify the possible, etc. [14-17]. Table 3 shows the evaluation indices of PAHs for 
the water from Lake Taihu. 
Typically, low molecular weight PAHs with 2 to 3 rings are from oil contamination, while high 
molecular weight. PAHs with 4 to 6 rings are from the pyrolysis of fossil fuels. [18]. As can be seen from 
Table 3, the proportion of 2-ring and 3-ring PAHs in Taihu Lake water is relatively high, which indicates 
that the PAHs in Taihu Lake water caused by oil pollution, it is likely to relate to the busy water transport 
in this region. Water samples with Phe/Ant>15 were mainly from petroleum hydrocarbons contamination. 
The results of Chr/BaA, Flu/(Flu+Pyr) ratios showed a mixture of petroleum and combustion 
contamination. 
4.Conclusion 
The detected concentrations of n-alkanes and PAHs in water samples from Taihu Lake at different 
sampling points ranged from 0.045 to 0.281 mg/L for n-alkanes and 0.011-0.034 mg/L for PAHs. The 
concentrations of n-alkanes and PAHs were higher in those samples collected near industrial areas than 
those from few or no industrial locations. 
The carbon number of n-alkanes in samples from Taihu Lake was distributed from C8 to C33. 
According to the molecular characteristic index of n-alkanes (main peak carbon number, CPI values, 
Pr/Ph), it can be known that the n-alkanes pollution is mainly the result of human pollution. 
The concentrations of total and individual PAHs in water varied among sampling the locations. Two- 
and three- ring PAHs were abundant in water samples. The calculation of molecular ratios of Phe/Ant, 
Chr/BaA, Flu/(Flu+Pyr) and LPAH/HPAH showed that the PAHs contamination in Taihu Lake was the 
result of both petroleum pollution and combustion. 
The contaminations of n-alkanes and PAHs in Taihu Lake water were mainly from oil discharge and 
the combustion of fossil fuel such as coal, oil and others. For the purpose of improving the water quality 
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of Taihu Lake, we should vigorously promote the scientific treatment of oily wastewater, strengthen the 
management of lake pollution, focus on the control of pollution sources such as the industrial and 
household sewage, oily waste water from the vessels and so on, and timely dredge the sediment in the 
seriously polluted areas. 
TABLE II. SPECIES AND CONTENT OF PAHS IN THE DIFFERENT WATER SAMPLES (unit: ȝg/L) 
 
TABLE III. EVALUATION INDICES OF PAHS FOR THE WATER FROM  LAKE TAIHU 
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